The first experiment was a central composite rotatable design with calculated calcium levels of 6.2, 7.0, 9.0, 11.0, and 11.8 g/kg diet and total phosphorus levels of 5.2, 6.0, 8.0, 10.0, and 10.8 g/kg diet (2.8 g phytin-P/kg by analysis). This design involved three replicates for each rotatable point and fifteen replicates of the central point. The second experiment was a 4 x 4 factorial design with calculated Ca levels of 8.0, 10.0, 12.0, and 14.0 g/kg diet and calculated total P levels of 7.0, 9.0, 11.0, and 13.0 g/kg diet (2,5 g phytin-P/kg by analysis). There were four replicates for each treatment. In both 16 d experiments maize-soya-bean diets were used and each replicate consisted of one pen containing 10-d-old broad-breasted, white tom turkeys. The Ca and total P requirements for optimum growth were estimated to be 125 and 10.0 g/kg diet respectively. Bone ash was adequate at these levels of Ca and total P, but maximum bone ash was not achieved until much higher levels of Ca and total P were employed. At the required levels of Ca and total P for growth the incidences of Ca-and P-deficiency rickets were very low. There were no treatment effects on feed efficiency. Increasing dietary Ca decreased the incidence of the Ca-deficiency lesion. There was a quadratic response due to dietary total P on both P-deficiency rickets and plasma dialysable P; intermediate levels of dietary P resulted in low incidence of the P-deficiency lesion and high levels of plasma dialysable P. There was a strong negative correlation between the incidence of P-deficiency rickets and plasma dialysable P. Percentage retention was very low at high levels of dietary P and low levels of Ca which corresponded with slightly higher P-deficiency rickets and low plasma dialysable P. No such obvious relationships existed between Ca retention, incidence of Ca-deficiency rickets, and plasma Ca. The incidence of tibial dyschondroplasia was very low in the present study. There were pronounced dietary treatment effects on phytin-P retention; a t 14 d percentage phytin-P retention treatment means ranged from 18 to 46 in Expt 1 and from 0 to 40 in Expt 2 with the highest retention of phytin-P at low levels at both Ca and total P.
C A A N D P R E Q U I R E M E N T S O F TURKE:Y P O U L T S
1 0.2 g Se from sodium selenite/kg in a calcium carbonate carrier. §Trace mineral mixture provides mg/kg diet: manganese 120, zinc 100, iron 60, copper 10, iodine 2.10, Ca 150 (min), 180 (max).
dietary levels of total P were 5.2, 6.0, 8.0, 10.0, and 10.8 g/kg (phytin-P was 2.8 g/kg by analysis). There were three replicates for each rotatable point and fifteen replicates for the central point, with each pen constituting a replicate for a total of thirty-nine pens and 390 birds. Expt 2 was an incomplete 4 x 4 factorial design. The Ca levels were 8.0, 10.0, 12.0, and 14.0 g/kg diet. The total P levels were 7.0, 9.0, 11.0 and 13.0 g/kg diet (phytin-P was 2.5 g/kg by analysis). An incomplete factorial design was utilized because the diet with 8.0 g Ca and 13.0 g P/kg was impossible to formulate with the ingredients used; this treatment was, therefore, omitted. There were a total of fifteen treatments with four replicates per treatment, each pen constituting a replicate, for a total of sixty pens and 600 birds.
The data were analysed by multiple-regression analysis and regression equations were derived. Response surfaces were generated from these equations for the various responses measured. Also, correlation coefficients between several of the response criteria were determined within each experiment.
R E S U L T S
Dietary Ca level had very little effect on growth in either experiment (Tables 2 and 3 ; Figs 1 and 2(A and B)). There was, however, a consistent quadratic growth response due to dietary total P in both experiments at both 7 and 16 d; total P levels above 10.6 g/kg diet resulted in depressed growth. The regression analysis indicates that 16.7 g Ca/kg and 10.6 g total P/kg are the requirements for optimum 16 d growth in Expt 1 and 12.4 g Ca/kg and 10.2 g total P/kg are the requirements for optimum 16 d growth in Expt 2. There were no significant treatment effects in either experiment on feed efficiency (Tables 2 and 3; Figs 1  and 2(F)) .
There was a significant, although not readily obvious, quadratic bone ash response due to Ca in both experiments (Tables 2 and 3 ; Figs I and 2(E)). There was also a quadratic * The coefficient was significantly less than zero (P < 0.05).
f The solution was a saddle point; all others were a maximum or minimum $ Phytin-P was analysed to be 2.8 g/kg diet, 5 Incidence of Ca-deficiency-type rickets.
11 Incidence of P-deficiency-type rickets.
1 g/kg diet. bone ash response due to total P ; this quadratic response due to dietary P was very pronounced in both experiments. In addition there was a Ca x total P interaction in both experiments on bone ash; at low levels of either element high levels of the other element resulted in decreased bone ash. At high levels of both elements, however, no such detrimental effects were observed. For maximum bone ash in Expt 1 the regression analysis indicates that 13.0 g Ca/kg and 10.2 g total P/kg were required; in Expt 2, 13.8 g Ca/kg and 11.7 g total P/kg were required.
There was clearly a linear relationship between dietary Ca and Ca-deficiency rickets in both experiments with increasing levels of Ca decreasing the incidence of the Ca-deficiency lesion (Tables 2 and 3 ; Figs 1 and 2(C)). There was a small but significant quadratic Cadeficiency rickets response due to dietary Ca in Expt 1, but not in Expt 2. For minimum Ca-deficiency rickets in Expt 1 a dietary level of 12.5 g Ca/kg was required while in Expt 2 a dietary Ca level of 14.7 g/kg was required.
There was a quadratic response due to total dietary P on the incidence of P-deficiency rickets in both experiments with the incidence of P-deficiency rickets decreasing to a point, then increasing with the highest levels of dietary total P (Tables 2 and 3); Figs. 1 and 2(D) ). There was a Ca x total P interaction on the P deficiency response; high levels of dietary Ca increased the incidence of P-deficiency rickets at low levels of total P. In Expt 1 the levels * The coefficient was significantly less than zero ( P < 0.05). t The solution was a saddle point; all others were a maximum or minimum 1 Phytin-P was analysed to be 2.5 g/kg diet.
$ Incidence of Ca-deficiency-type rickets.
(1 Incidence of P-deficiency-type rickets.
g/kg diet.
of Ca and total P required for minimum P-deficiency rickets were 7.4 and 8.6 g/kg respectively, while in Expt 2 they were 11.3 and 10.9 g/kg respectively. Only one bird was found to have tibial dyschondroplasia in Expt 1. In Expt 2, however, the incidence of tibial dyschondroplasia was somewhat higher, although it was still very low. Since the incidence of tibial dyschondroplasia was so low, this information was omitted from the tables. However, it was noticed that the birds with tibial dyschondroplasia tended to be in the treatments with the best growth.
None of the regression coefficients was significant in the plasma Ca surface, but the quadratic total P term approached significance (P < 0.07) ( Table 4 ; Fig. 2(G) ). Further, the total P main effect was significant. There was no indication that dietary Ca had any effect on plasma Ca. There was a quadratic plasma dialysable P response due to dietary total P with the highest levels of plasma dialysable P at intermediate levels of dietary total P (Table * The coefficient was significantly less than zero ( P < 0.05) t Phytin-P was analysed to be 2.5 g/kg diet.
$ Plasma dialysable phosphorus.
that increasing Ca levels decrease plasma dialysable P at low levels of dietary total P. For maximum plasma dialysable P a Ca level of 11.7 g/kg diet and a total P level of 10.8 g/kg diet are required. There was a quadratic percentage Ca retention response due to dietary total P at both 7 and 14d in Expt 1 and at 7 d in Expt 2, with the highest percentage retention at intermediate levels of total P (Tables 5 and 6; Figs 3 and 4 (A and D) ). At 7 d in Expt 1, but at no other time in either experiment, there was a quadratic Ca retention response due to dietary Ca. Also at 7 d in Expt 1 there was Ca x total P interaction indicating that, at low levels of total P, increasing Ca levels decrease percentage Ca retention.
There was a quadratic total P retention response due to dietary total P at both 7 and 14 (-1 in Expt 1 and at 7 d in Expt 2; this resulted in the highest percentage retention of total I' varying between low and intermediate levels of dietary total P (Tables 5 and 6 ; Figs 3 and 4 (B and E)). There was also a Ca x total P interaction on percentage total P retention at both 7 and 14d in Expt 1, but not in Expt 2, indicating that increasing dietary total 1' decreases the retention of total P more dramatically at low levels of dietary Ca. There was * The coefficient was significantly less than zero (P < 0.05).
7
The solution was a saddle point; all others were a maximum or minimum 1 Phytin-P was analysed to be 2.8 g/kg diet. 9: g/kg diet. a quadratic effect on percentage total P retention due to Ca at 7 d in Expt 1 , but at no other time in either experiment. In Expt 1 there was a quadratic percentage phytin-P retention response due to dietary total P at 7 d but not at 14 d. In Expt 2, however, no such quadratic response was found (Tables 5 and 6; Figs 3 and 4 (C and F)). None of the other coefficients in the regression equations for percentage retention of phytin-P was significant. However, the main effects of both dietary Ca and total P were significant at both 7 and 14 d in both experiments, and the R2 terms were high in Expt 1 . There were clearly Ca and total P effects on percentage phytin-P retention with the highest retention of phytin-P at the lowest levels of Ca and P.
DISCUSSION
The present study indicates that the Ca and total P requirements for optimum growth in the very young turkey are 12.5 and 10.0 g/kg diet respectively. This conclusion is based primarily on the findings in Expt 2. The predicted optima in Expt 1 for growth are not as reliable since they were beyond the actual levels of Ca and total P employed in the experiment. For optimum bone ash, Ca and total P must be somewhat higher. However, when the above levels of Ca and total P are fed to optimize growth, the predicted bone ash value would be, according to the prediction equation, greater than 410 g/kg which is approaching the predicted maximum of 440 and 430 g/kg respectively in Expts 1 and 2. Almost all, if not all, Ca and P requirement studies in poultry have used bone ash as one * The coefficient was significantly less than zero ( P < 0.05).
f The solution was a saddle point; all others were a maximum or minimum. $ Phytin-P was analysed to be 2.5 g/kg diet.
of the major response criteria. Certainly, bone ash is a very sensitive, predictable, and repeatable response ( R z 0.94 and 0.83 in Expts 1 and 2 respectively). But what does optimum bone ash mean in terms of healthy poult development? Further work is necessary to determine the true meaning of early-age bone ash values and how they relate to later performance and leg abnormalities. There was a highly significant correlation between the bone ash response and the 16 d weight response in Expts 1 and 2 (r 0.87, P < 0.001 ; r 0.38, P < 0.003 respectively). In addition, the levels of Ca and total P at which optimum growth was observed resulted in very low incidence of both the Ca-and P-deficiency lesions. These findings, coupled with the fact that there were no treatment effects on feed efficiency in either experiment, indicate that growth is probably the single best response criterion in determining the P requirements in the young turkey. Since significant responses were obtained to dietary Ca levels only where Ca-deficiency rickets and bone ash were the criteria, these criteria should be studied with the growth data to determine the Ca requirement. The turkey may be unusual in this lack of growth response to dietary Ca levels since significant effects on broiler chick growth at 14 d (Edwards & Veltmann, 1983 ) and (Yoshida & Hoshii, 1982a, b) were reported in experiments designed for response surface analysis. The use of response surface analysis does not solve the problem of lack of response of specific criteria to levels of a nutrient. It is apparent that the maximum response for a particular criterion has little meaning when none of the coefficients is significant. Due to the fact that there was only one bird with tibial dyschondroplasia in Expt 1 and a very low incidence in Expt 2, it is very difficult to make any firm conclusions regarding the roles of Ca and P in the development of tibial dyschondroplasia in the young turkey. However, it was noted that the treatments with the best growth tended to be treatments where tibial dyschondroplasia was found. This observation supports the hypothesis that tibial dyschondroplasia is closely linked with rapid growth (Wise & Jennings, 1970; Riddell, 1975; Wise & Nott, 1975; Freedman et al. 1985) . Edwards & Veltmann (1983) found that a narrow Ca: total P ratio would induce the tibial dyschondroplasia lesion in the broiler. We found no such relationship between Ca, P and tibial dyschondroplasia in the turkey in the present study. However, it is well established that the tibial dyschondroplasia lesion develops much later in the turkey than in the broiler (Poulos, 1978 a, b) . To determine whether there is any relationship between dietary Ca, dietary P and tibial dyschondroplasia in the turkey, further research using older birds is necessary.
The accuracy of the differential diagnosis of Ca-and P-deficiency rickets by visual examination is proved by the results and the size of the terms that are significant in the equations for the surface for the different rickets, the Ca terms being very large and significant for the Ca-deficiency-rickets equation and the P terms being large and significant for the P-deficiency-rickets equation. The statistical analysis also indicated that Ca level of the diet significantly influenced the incidence of P-deficiency rickets. In these two experiments only ten birds were diagnosed as having both Ca-and P-deficiency rickets.
We found an unexpected quadratic response due to dietary total P in both experiments; increasing the P level decreased the P-deficiency lesion up to a point beyond which increases in the P level actually increased the incidence of the lesion. In addition, we found a similar quadratic response on plasma dialysable P but, over the whole range of dietary P fed, there was a high negative correlation between plasma dialysable P and the incidence of P-deficiency rickets (r-0.68, P < 0.001). Why would very high levels of dietary P increase the incidence of the P-deficiency lesion and decrease plasma dialysable P? High levels of dietary P are thought to inhibit Ca absorption by forming insoluble Ca-phosphorus complexes in the gut (Guyton, 1986) . It may be that this increased difficulty in Ca absorption may result in increased parathyroid hormone secretion in an effort to increase Ca absorption from the gut to make up for the Ca deficit. If this is indeed the situation, then the parathyroid hormone would also cause increased renal excretion of P which may exceed the extra P that is being absorbed. The P retention findings support this hypothesis. Further work seems warranted to determine whether parathyroid hormone is responsible for this phenomenon.
We also found a similar Ca deficiency response due to dietary Ca in Expt I , but in Expt 2 the quadratic term only approached significance. There was no such significant plasma Ca response due to dietary Ca, however.
Apparently, many scientists feel that the availability of P from phytate in plants can be ignored on the assumption that it is completely unavailable (Scott et al. 1982) . The National Research Council's (1984) Nutrient Requirements of Poultry has non-phytin-P values in its table of feedstuffs while it discusses the requirements of the animal in terms of 'available' P. Apparently, the committee felt that the non-phytin-P and available P are interchangeable terms. The Agricultural Research Council (1 979, which presents more values from individual research workers than the National Research Council (1 984), gives the individual worker's calculation of available phytate-P as an 'available P' calculation. The present study clearly indicates that phytin-P is indeed retained by the turkey, and the degree to which it is retained varies dramatically with different levels of dietary Ca and P. Edwards & Veltinann (1983) and Edwards (1983) found similar responses in the broiler and commercial layer. Thus, there is very strong evidence that phytin-P should not be completely ignored when formulating poultry rations. Further, non-phytin-P and 'available' P are not interchangeable terms; this is our rationale for using total P in the present study as opposed to 'available' or non-phytin-P. Since 15% phytin-P is retained at the Ca and total P levels previously defined as the requirements, one could assume that 15% of the 2.8 g dietary phytin-P/kg is available to the poult, at these specified requirements. This would mean that the non-phytin-P requirement in the present study is 7.2 g/kg diet while the available P requirement is 7.6 g/kg diet if available P is defined as non-phytin-P plus retained phytin-P. It is conceivable that if the P requirement is determined with one type of ration that is high in phytin-P and the same inorganic P level was used in a different ration with low phytin-P, a marginal P deficiency could result due to the lack of P from phytic acid.
A negative phytin-P retention value was found in Expt 2 when the diet contained 14 g Cii and 13 g P/kg. Our laboratory has previously reported such negative value for phytin-1' retention (Elliot & Edwards, 1991) . The most reasonable explanation is that the extraction procedure does not get 100 YO of the phytin-P from the diet but closer to 100 YO is obtained from the extraction of the faecal material.
The present study indicates a requirement (g/kg diet) for Ca of 12.5, total P 10.0, and available P (defined as non-phytin-P plus retained phytin-P) 7.6. The National Research Council (1971, 1977, 1984) has estimated the minimum Ca and P levels for young poults over the last 20 years (expressed as g/kg diet) as: 1971 : 12, 8, -; 1977: 12, 8, -; 1984: 12.5, -, 6, respectively for total Ca, total P and available P, where -indicates no value was given.
The National Research Council (1 984) considers phytate-P to be unavailable, so their available P value is non-phytin-P. Therefore, the results of the present study do not indicate any change in Ca requirement but do indicate that the P requirement has increased by as much as 25 YO. During the last part of this 20-year period (from 1983 to 1991), the average weight of the 18-week-old male and female turkey in the USA increased by 23 and 2 2 % respectively (Sell, 1991) . Perhaps this rapidly growing bird really has a higher I' requirement .
There have been problems in previous studies in which there have been very large discrepancies between calculated and analysed values for Ca and P in experimental diets (Stephenson et al. 1962) . The question could be raised as to whether calculated or analysed values should be used in the analysis of the data. Our calculated and analysed values were relatively close so we decided to use calculated values. For example, the analysed values of the diets used in Expt 1 showed the diets to contain 0.7 g more Ca/kg and 0.5 g more total P/kg than they contained by calculated values. These would both indicate errors in making the requirement estimate of approximately 5 % of the estimated values, which is reasonable for a requirement to be used under an infinite number of variable conditions.
